A facultatively alkaliphilic, lactic-acid-producing and halophilic strain, designated SA9
positive and were facultative anaerobic straight rods that were motile by peritrichous flagella. The strain grew between 5 and 48 6C (optimum, 35 6C) and at pH 7-12 (optimum, pH 9). The isoprenoid quinone detected was menaquinone-7 (MK-7) and the DNA G+C content was 40.6±0.9 mol%. The whole-cell fatty acid profile mainly consisted of iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 0 and anteiso-C 17 : 0 . DNA-DNA hybridization with Oceanobacillus profundus DSM 18246 T revealed a DNA-DNA relatedness value of 23±2 %. On the basis of the differences in phenotypic and chemotaxonomic characteristics, and the results of phylogenetic analyses based on 16S rRNA gene sequences and DNA-DNA relatedness data from recognized species of the genus Oceanobacillus, strain SA9
T merits classification as a representative of a novel species of the genus Oceanobacillus, for which the name Oceanobacillus polygoni sp. nov. is proposed. The type strain is SA9 T (5JCM 17252
). An emended description of the genus Oceanobacillus is also provided.
Although the indigo fermentation is performed under alkaline conditions (higher than pH 10), the pH gradually decreases as the fermentation proceeds (Aino et al., 2010) . We have also isolated indigo-reducing bacteria, Alkalibacterium psychrotolerans, Alkalibacterium iburiense and Alkalibacterium indicireducens, from indigo fermentation liquor obtained from Date City, Iburi, Hokkaido and Tokushima City, Shikoku in Japan Yumoto et al., 2004 Yumoto et al., , 2008 . They produce lactic acid as the main by-product of carbohydrate metabolism. In the present study, we screened for novel lactic-acid-producing micro-organisms from indigo fermentation fluid and found that one strain belonging to the genus Oceanobacillus produced lactic acid.
Since the first description of the genus Oceanobacillus with the type species Oceanobacillus iheyensis (Lu et al., 2001) , which was isolated from a deep-sea environment, a number of additional species or subspecies have been described, namely Oceanobacillus oncorhynchi subsp. oncorhynchi from the skin of a rainbow trout (Oncorhynchus mykiss) , Oceanobacillus oncorhynchi subsp. incaldanensis from an algal mat (Romano et al., 2006) , Oceanobacillus picturae from a painting (Heyrman et al., 2003; Lee et al., 2006) , Oceanobacillus profundus from deep-sea sediment (Kim et al., 2007) , Oceanobacillus chironomi from a chironomid egg mass (Raats & Halpern, 2007) , Oceanobacillus caeni from a wastewater treatment system (Nam et al., 2008) , Oceanobacillus kapialis from fermented shrimp paste (Namwong et al., 2009) , Oceanobacillus soja from the bottom of a mould fermenter used in soy sauce production (Tominaga et al., 2009) , Oceanobacillus neutriphilus from activated sludge , Oceanobacillus locisalsi from a marine solar saltern (Lee et al., 2010) , 'Oceanobacillus manasiensis' IP: 54.70.40.11
On: Sat, 03 Aug 2019 10:15:10 from a salt lake and Oceanobacillus kimchii from a traditional Korean fermented food (Whon et al., 2010) . Recently, a novel strain of Oceanobacillus indicireducens, which does not possess menaquinone, has been reported (Hirota et al., 2013) .
A fermented Polygonum indigo (Polygonum tinctorium Lour.) liquor sample prepared in our laboratory was used for the screening of indigo-reducing bacteria (Aino et al., 2010) . An aliquot of the indigo fermentation liquor was inoculated onto a peptone-yeast extract-glucose (PYG) medium containing 3 g peptone (Kyokuto), 8 g yeast extract (Kyokuto) and 20 g D-glucose, 10 g Na 2 CO 3 and 15 g agar in 1 l distilled water (pH 10). A concentrated alkali solution (10 % Na 2 CO 3 ) was separately sterilized and then mixed with the autoclaved medium. The inoculated medium was incubated at 27 u C for 2 days under N 2 gasexchanged anaerobic conditions. Colonies which appeared on the medium were transferred to 10 ml of fresh peptoneyeast extract-glucose (PYG-2) broth (pH 10) containing 5 g peptone (Kyokuto), 10 g yeast extract (Kyokuto), 20 g D-glucose, 1.5 g sodium acetate, 1.5 g K 2 HPO 4 , 0.2 g MgSO 4 . 7H 2 O and 0.05 g MnSO 4 . 4H 2 O in 900 ml distilled water and mixed with 100 ml of 10 % Na 2 CO 3 solution (dissolved in distilled water). The culture was incubated for 3 days at 30 u C under static aerobic conditions. After checking for lactic acid production by HPLC, the selected strain, strain SA9 T , which produced 0.7 % lactic acid, was transferred to PYG agar plates containing Na 2 CO 3 solution (final concentration: 1 %) and then incubated at 30 u C. Oceanobacillus profundus DSM 18246 T and Oceanobacillus iheyensis JCM 11309 T were used as reference strains in this study. Cells for DNA G+C content analysis and fatty acid composition, isoprenoid quinone and polar lipids analyses were harvested in the late exponential phase after cultivation with aerobic reciprocal shaking (130 strokes min
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) at 35 u C in PYG broth containing 3 g peptone (Kyokuto), 8 g yeast extract (Kyokuto) and 10 g D-glucose in distilled water containing 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 10.0).
For phenotypic characterization, PYG medium containing 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 10.0) was used as the basal medium. The culture was incubated at 27 u C for 2 weeks and experiments were performed three times to confirm the reproducibility of results. Acid production from carbohydrates was determined using API 50CH test strips (bioMérieux). Growth experiments at pH 7-12 were performed using PYG medium containing 100 mM NaH 2 PO 4 /Na 2 HPO 4 buffer (pH 7-8), 100 mM NaHCO 3 / Na 2 CO 3 buffer (pH 9-10), Na 2 HPO 4 /NaOH buffer (pH 11) or KCl/NaOH buffer (pH 12). The medium of pH 12 was sterilized by passing it through a 0.22 mm pore filter membrane. The isolate grew well after 1 day of incubation at pH 7-10 but took 6 and 9 days incubation to grow at pH 11 and 12, respectively. The pH of the spent medium dropped from pH 7, 8, 9, 10, 11 and 12 to 6.7, 7.0, 8.2, 8 .2, and 9.0, respectively, at the corresponding growth period. Other physiological and biochemical characteristics were examined in accordance with the methods described by Barrow & Feltham (1993) and in the report by Yumoto et al. (1998) . Hydrolysis of xylan and cellulose were examined using PY medium containing peptone (Kyokuto) 10 g, yeast extract (Kyokuto) 3 g in 1 L of 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 10) and 1 % xylan or cellulose, and their hydrolysis was determined by the method of Teather & Wood (1982) . For the observation of negatively stained cells by transmission electron microscopy (TEM), the cells were grown on PYG agar (containing 1.5 % agar; pH 10) for 2 days. TEM preparation and observation were performed as described previously (Yumoto et al., 2001) . The growth intensity of the isolates at pH 10 under aerobic conditions in the temperature range of 10-40 u C were determined using a temperature gradient incubator (Bio-Photorecorder, type TN-2612; Advantec) and monitoring the optical density at 650 nm (OD 650 ). Cells were Gram-stain-positive, peritrichously flagellated, straight rods (0.5-0.663.4-5.0 mm) and produced ellipsoidal spores in a central position within swollen sporangia (Fig. S1 , available in IJSEM Online). Phenotypic characteristics are described in the species description. The isolate can be differentiated from the reference strains on the basis of the characteristics listed in Table 1 .
Bacterial DNA was prepared according to the method of Marmur (1961) . DNA base composition was determined by the method of Tamaoka & Komagata (1984) . The DNA G+C content of strain SA9
T was 40.6±0.9 mol%. Analyses of whole-cell fatty acids and isoprenoid quinones were performed as described previously (Yumoto et al., 2002) . meso-Diaminopimelic acid (meso-DAP) in the cell wall was identified by thin-layer chromatography (TLC) (Staneck & Roberts, 1974) . Polar lipids were analysed by the methods of Minnikin et al. (1979) and Collins & Jones (1980) . The polar lipids of strain SA9
T consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, two unidentified lipids and two unidentified phospholipids (Fig. S2 ). Gas chromatography (GC) revealed that the cellular fatty acid composition of strain SA9 T was as follows: iso-C 13 : 0 (0.1 %), anteiso-C 13 : 0 (0.5 %), iso-C 14 : 0 (3.5 %), C 14 : 0 (2.0 %), iso-C 15 : 0 (8.3 %), anteiso-C 15 : 0 (60.3 %), C 15 : 0 (0.1 %), iso-C 16 : 0 (3.5 %), iso-C 15 : 1 v9c (0.5 %), C 16 : 0 (9.0 %), C 16 : 1 v7c alcohol (0.5 %), isoC 17 : 0 (1.3 %), anteiso-C 17 : 0 (8.6 %), C 18 : 0 (0.1 %), C 18 : 1 v9c (1.5 %) and C 18 : 2 v6c (0.2 %). The fatty acid composition of the isolate was similar to those of other species of the genus Oceanobacillus in the sense that anteiso-C 15 : 0 was the predominant fatty acid, although the content was higher than that of O. profundus DSM 18246 T and O. iheyensis JCM 11309 T . However, the content of iso-C 15 : 0 of the isolate was lower than that of O. profundus DSM 18246 T and O. iheyensis JCM 11309 T (Table S1 ). Menaquinone-7 was detected by TLC and HPLC of the fraction extracted from the cells. The cell wall of strain SA9
T contained meso-DAP.
The 16S rRNA gene was amplified by PCR using primers 9F (59-GAGTTTGATCCTGGCTCAG-39) and 1541R (59-AAGGAGGTGATCCAGCC-39). The approximately 1.5 kb PCR product was sequenced directly by the dideoxynucleotide chain-termination method using a DNA sequencer (ABI PRISM 3100; Applied Biosystems) with a BigDye Termination RR mix version 3.1 (Applied Biosystems) according to the manufacturer's instructions. Primers 9F, 686F (59-TAGCGGTGAAATGCGTAGA-39), 1099F (59-GCAACGAGCGCAACCC-39) and 357R (59-CTGCTG-CCTCCCGTAG-39) were used in the gene sequencing reaction. The sequences were aligned and the consensus sequence was determined using the CLUSTAL W program (Thompson et al., 1994) . The 16S rRNA gene sequence (1518 bp) of strain SA9 T was obtained and compared with those of previously reported strains to determine sequence similarities. A phylogenetic tree was reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Felsenstein, 1981) , minimum-evolution (Fitch, 1971) and maximum-likelihood (Guindon & Gascuel, 2003) methods in MEGA 5 software (Tamura et al., 2011) . For the neighbour-joining method, the distance between sequences (K nuc value) was calculated using Kimura's two-parameter model (Kimura, 1980) . The similarity between sequences was calculated using the GENETYX program (Genetyx). A neighbour-joining phylogenetic tree is shown in Fig. 1 . The minimum-evolution tree was very similar to the neighbour-joining tree (data not shown). Although the phylogenetic relationship of species of the genus Ornithinibacillus to Oceanobacillus caeni KCCM 42318 T in the maximum-likelihood and maximum-parsimony phylogenetic trees was different from that in the neighbour-joining tree, the phylogenetic position of strain SA9 T in the genus Oceanobacillus polygoni sp. nov.
were cultivated by the same method. The hybridization temperature was 37.7 u C. The DNA-DNA relatedness value was determined fluorometrically by the method of Ezaki et al. (1989) using photobiotin-labelled DNA probes and black microplates. DNA-DNA hybridization results indicated that strain SA9 T was different from O. profundus DSM 18246
T (23±2 %, n53). It was concluded that the isolate was different from other reported species of the genus Oceanobacillus.
Phenotypic characteristics and fatty acid composition were compared under the same experimental conditions using the closest phylogenetic neighbour based on the 16S rRNA 
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Alicyclobacillus acidoterrestris DSM 3922 T (AJ133631) of fatty acid composition, namely, content percentages of iso-C 15 and anteiso-C 15 : 0 (Table S1 in IJSEM Online).
On the basis of the above results, strain SA9
T represents a novel species of the genus Oceanobacillus, for which the name Oceanobacillus polygoni sp. nov. is proposed. An emended description of the genus Oceanobacillus is also provided. Lu et al. 2002 Oceanobacillus (O.ce.a.no.ba.cil9lus. Gr. n. okeanas the ocean; L. masc. n. bacillus rod; N.L. masc. n. Oceanobacillus an ocean rod).
Emended description of genus Oceanobacillus
Gram-positive, spore-forming rods, motile by means of peritrichous flagella. Ellipsoidal spores are sub-terminal or terminal within swollen sporangia. Obligately aerobic or facultatively anaerobic, obligately or facultatively alkaliphilic and grow at 0-24 % (w/v) NaCl. Catalase and oxidase reactions are positive. Growth occurs at 5-48 u C. The predominant cellular fatty acid is anteiso-C 15 : 0 . The major isoprenoid quinone is MK-7 or contains no isoprenoid quinone. The DNA G+C content is 35.8-40.6 mol%. The type species is Oceanobacillus iheyensis.
Description of Oceanobacillus polygoni sp. nov.
Oceanobacillus polygoni (po.ly.go9ni. N.L. gen. n. polygoni of Polygonum tictorium, referring to polygonum, the fermentation product from which the type strain was isolated).
Cells are Gram-stain-positive, peritrichously flagellated, straight rods (0.5-0.663.4-5.0 mm) and produce ellipsoidal spores in a central position within swollen sporangia. Colonies are circular, convex and white when it grew on PYG medium at 27 u C for 2 d. Catalase-and oxidasepositive. The growth temperature range is 5-48 u C with the optimum at 35 u C (pH 10). The NaCl concentration range for growth is 3-12 % with the optimum at 3 % (pH 10). Grows at pH 7-12 with the optimum at pH 9 (35 u C). Hydrolyses casein, but not gelatin, starch, xylan, cellulose or Tweens 20, 40, 60 and 80. Acid is produced from glycerol, D-ribose, D-xylose, D-glucose, D-fructose, Dmannose, inositol, mannitol, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, N-acetylglucosamine, arbutin, aesculin ferric citrate, salicin, cellobiose, maltose, sucrose, trehalose, melezitose, xylitol and D-arabitol, but not from the other carbohydrates of the API 50CH system under aerobic conditions. Other characteristics are listed in Table 1 . The major cellular fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 0 and anteiso-C 17 : 0 . The polar lipids consist of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, two unidentified lipids and two unidentified phospholipids. The cell-wall peptidoglycan is based on meso-DAP. The isoprenoid quinone detected is menaquinone-7.
The type strain is SA9 T (5JCM 17252 T 5NCIMB 14684 T ) isolated from a Polygonum indigo (Polygonum tinctorium Lour.) fermentation liquor prepared in a laboratory. The DNA G+C content of the type strain is 40.6±0.9 mol%.
